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Fa,tty acids and then‘ methyl esters have been prepared with a mercapto substituent in the center of the chain (I), alpha
to the carboxyl or. carbomethoxy group (II); and in the terminal position (III). The first and third types have been prepared
by free-radical addition of thiolacetic acid to the appropriate olefinic acid followed by hydrolysis, whereas the second type

has been prepared by reaction

f the correspondmg bromo acid with thiourea. |Oxidation of the mercapto compounds with

1odme yielded the corresponding disulfide derivatives. Chemical, physical, and spectral properties of the various sulfur deriv-
atives have been determined. Infrared and ultraviolet spectra have also been obtained on several short-chain and hydroxy
ana,logs The mercapto group can be titrated with alcoliolic sodium hydroxide when it is alpha to an ester group but notif
it is alpha t6 a free carboxyl group. When the mercapto group is in the alpha position, tha methyl ester absorption bands in

the' infrared region are shifted.

| Addition of thiolacetic acid to, monounsaturated
long-cham compounds .under free-radical -condi-
tions forms thiolacetates,® which can'be hydrolyzed
to mercaptans.” Mercapto acids can also be formed
by the reaction of thiourea; W1th bromo substituted
fatty acids® In the present investigation,: the
mercapto group has been substituted at different
locations on the hydrocarbon chain of long-chain
fatty acids or esters and the resulting effects on the
physical, chemical, and spectral ' properties have
been studied. Dlsulﬁdes have also been prepared
and studied. Short-chain analogs and related
hydroxy compounds have been examined as well.

The compounds studied in this investigation
were prepared by,}'th’e following reactions: =
“ CHi;COSH +

CHs(CHg)-,CH—CH( CHz)'lCOzCHs
Methyl Oleate

mtravxolet

Also prepared were themethyl esters of the last two
compounds shown: Noteworthy is the conversion of
methyl 9(10)- (acetylthlo)stearate to the corre-
sponding methyl mercaptostearate by alcoholysis
with methanol containing small - quantities ‘of
sodium. This procedure is much more’ convement
than hydrolysis and reesterification. '

Of the sulfur-contalmng long-cham compounds:
Just hsted 2-mercaptostea,nc acid and 11-mercap-
toundecanorc acid are known substances.? The
former has now been made by an 1mproved pro-
cedure and the latter by a new route; the hydrolysis.
of 11- (acetylthlo)undeca,nmc acid as shown. ‘9(10)-
Merca,ptosteanc acid had been previously prepared:

CHs( CHz)smCH( CHz)-:(s)COzC

1. KOH-EtOH

Methyl 9( 10)—(Acetylthlo)stearate

2. HCl

dn,

CHiOH-Acid
CHs( CHz)sm(l)H( CHz)m)COzH — CH;( CH,);@)CH( CH:):i»C0O,CH;

. SH
9(10)-Mercaptostearic Acid
1

H
Methyl 9(10)-Mercaptostearate

CHi(CHy)sn CH(CHy )unCO,CH;

é”

<

CH;(CHg)m)éJH( CH;)r9CO,CH;
Dimethyl 9(10),97¢10" )-Dithiodistes;r'&te 8
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1. Thiourea

CHa(CHg)u;CHCOzH —e S CHs(CHz)stHCOzH
2. NaOH .
r 3. HCI SH
&-Bromostearic Acid 2-Mercaptostearic Acid
CH;0H-HCI |

(II)

Iz
GEB;(‘GH;),;,('?HCOzGH, —> CH;y(CH,);sCHCO.CH;

SH :
j
CH;(CH,),;CHCO,CH;
Dimethyl 2,2’-Dithiqdistearate
1. CH;COSH

CH,=—CH(CH,):CO.H
Undecanoic Acid- - -

" HS(CH)uCOH *
11-Mercaptoundecanoic Acid l I
HO,C(CH.)1eSS(CH;),,CO.H

11;11’-Dithiodiundecanoic Acid

——————
2. - KOH-EtOH
3. HC1

by a method different from ours but had not been
well characterized.® ~ :

Infrared. spectra. The effect of the position of the
mercapto group on the infrared absorption is
probably most clearly shown in the spectra of the
methyl esters. Unlike the acids, all of the mercapto
esters are liquids, and can thus be compared readily
in the same physical state. Moreover, the weak SH
stretching band is covered by carboxyl group
absorptions in the case of the mercapto acids. The
methyl esters have the further advantage of nor-
mally showing a triplet absorption at about 1250,
1195, and 1170 em.—! Some or all of these bands are
probably associated with C—O stretching vibra-
tions of the carbomethoxy group.? This region is
included in the spectra from 1500-650 cm.—! of
some methyl esters (Fig. 1). The normal methyl
ester triplet is seen in methyl 9(10)-mercapto-
stearate (Fig. 1A), and shows the usual stepwise
increase in band intensity with decrease in fre-
quency. The position and pattern of this triplet is
very regular for unsubstituted long-chain methyl
esters,!* and for certain sulfur derivatives of
fatty acids.1? This pattern also occurs in terminally
substituted methyl 11-mercaptoundecanoate.

When the mercapto group is in the alpha position,
the characteristic pattern of the methyl ester
triplet is distinctly modified. Thus, in methyl 2-
mercaptostearate (Fig. 1B) the bands are at 1267,
1193, and 1160 cm.~! and the relative intensities

(8) (a) B. H. Nicolet and L. F. Bate, J. Am. Chem. Soc.,
49, 2064 (1927). (b) L. Rapoport, A. Smith, and M. S.
Newman, J. Am. Chem. Soc., 69, 693 (1947). -

.(9): G. Collin, T. P. Hilditch, P. Marsh, and A. F. McLeod,
J. Soc. Chem. Ind., 52, 272T (1933).

- (10) R..G., Sinclair, A. F. McKay, and R. N. Jones, J.
Am. Chem. Soc., 74, 2570 (1952).

11) O. D. Shreve, M., R. Heether, H. B, Khnight, and
D. Swern, Anal. Chem., 22, 1498 (1950).

(12) H. Susi, N. H. Koenig, W. E. Parker, and D. Swern,
Anal. Chem., 30, 443 (1958). ,
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Fig. 1. Infrared spectra of methyl esters. A: Methy
9(10)-mercaptostearate (liquid). B: Methyl 2-mercapto-
stearate (liquid). C: Methyl 12-hydroxystearate (CS; solu-
tion). D: Methyl 2-hydroxystearate (CS. solution)

of the bands, especially the middle one, are changed.
Another change is the shift of the methyl group
absorptions, arising both from the terminal ali-
phatic methyl group and from the methyl group
attached to the carbonyl of the carbomethoxy
group. These methyl group vibrations normally
occur at 1380-1378 cm. ! in linear aliphatic hydro-
carbons and at 1362-1360 cm.~! in carbomethoxy
esters, respectively.’® In methyl 9(10)-mercapto-
stearate (Fig. 1A), the chain methyl band is un-
resolved from the more intense carbomethoxy
methyl band, resulting in a single broad band with
maximum intensity at 1360 cm.—! In methyl 2-
mercaptostearate, on the other hand, the aliphatic
methyl band at about 1378 cm. ! is just discernible
because the ester methyl band, now sharper, has
been shifted to 1342 ¢cm.—! The shifts in absorption
of the carbomethoxy group alpha to a mercapto

(13) R. N. Jones and C. Sandorfy in Technique of Organic

Chemistry, Vol. 9, Interscience Publishers, N, Y., 1956, p.
571,



group are: not: only: analytically -useful in distin-
guishing .closely related compounds but. reflect
molecular interactions. of general importance, as
illustrated later by . the. neutrahzatmn behawor
of alpha mercapto esters. .~ . .»

Conyersion :: of ‘methyl-. 2- ior 9(10)-mercapto-
stearate to the corresponding disulfide leaves the
infrared spectrum essentially unchanged except
for the disappearance of the small 2560 cm.—!
‘SH band. Since the irregular methyl ester bands

are noted for an o-disulfide, dimethyl 2,2"-dithio-.

distearate, as well as in the parent meroapto ester,
the shifts are not based merely on interaction with
the SH group. This nclus10n is supported by the
fact that the SH frequency is the same within our
expenmental precision in methyl- 2—mercaptostea—
rate as in the 9(10)-compound.

methoxy groups, Wlth alpha substituents, a
comparison was made between two hydroxy analogs
of the mercapto esters: The spectra of these com-
pounds were: measured in carbon disulfide solution
solids. Also, the solutlon spectra

g :
The spectrum of methyl 12—hydroxystearate

(Fig. 1C) where the hydroxyl group is remote from

the carbomethoxy group, is entirely regular in the

1400-1150 “em., ! region containing the aliphatic

methyl and the: methyl ester absorptions. It is very
similar in this region to methyl 9(10)-mercapto-
stearate (Fig. 1A) or to ‘methyl stearate.!! Published
. spe’ ra, of somewhat lower resolution show that the
speetrum. of - methyl - 12-hydroxystearate is also
sﬁmlar to that of methyl 10-hydroxystearate, an
ven™ closer analog to methyl 9(10)-mercapto-
stearate no
- With methyl 2-hydroxystearate (Flg 1D), how—
ever, thereis a very striking change in the pattern
of absorption: in 'the 1400-1150 cm.~* region. It is
found, moreover, that the hydroxyl group absorp-
tions dlﬁ'er in the two compounds. The. OH stretch
is a sharp band at.about 3650 cm.~!in the methyl
12-hydroxystearate, indicating a  free hydroxyl
group. In the a-hydroxy compoynd however, the
band is at apprommately 3560 cm.—! and “of
greater intensity but still sharp, suggesting intra-

molecular - hydrogen bondmg Weak bonding. be—_

tween ' 'the - a-hydroxyl group and " the - -carbonyl
_ oxygen' atom seems reasonable since it involves a
- five membered ring. 14a Pronounced changes are

also observed in:the 1150—1000 cm.~! region. These
changes probably include a shift in posmon and
initensity 'of 'the C—OH stretching vibration in'the
case of methyl:2-hydroxystearate. The: changes in
hydroxyl group absorptions, in contrast to the

{ o

(14) R T O’Connor, C H Mack E. F DuPré and
Wa iG, Biekford, J. Org:.Chemi., 18, 693 (1951)

«(14a): L Pauling,’ The Nature of the Chemical Band 2nd
ed Cornell Umversxty Press, Ithaca, N..Y., 1940, p. 329

““Ag’a further 1llustratlon of the 1nteract1on of the »

negligible change in:the.mercapto group:absorp-
tions, . support :other data-showing ithat. hydroxyl
groups form. hydrogen.;bonds much mor

than mercapto groups.do. ;. =i

also: been obtamed from. tltratlon data 0N ;the mer-
capto. compounds.In a: cham substituted: methy
ester the mereapto}group isiacidic: only when. it i:
in' the :a-position. When the . mercaptol;group i
separated.: from i the; ester; group) .as:in :methyl
9(10)—mercaptostearate or methyl llrmercapto-

- undecanoate, ;there is no significant . uptake; of

aqueous sodium hydrox1de When an alcoholic solu-
tion of the ester is titrated to the phenolphthalein
end point at room temperature :(the usual pro-
cédure for determining neutralization ‘equivalents

- of long-chain carboxylic acids). Methyl 2-mercapto-

stearaté, on the other hand, titrates more like a
weak a01d Neutralization ‘to the phenolphthalein
end point requires almost an equimolar anmunt of
sodium hydroxide.

A variety of data support the mterpretatlon that
the uptake of sodium hydroxide by methyl 2-
mercaptostearate involvés neutrahzatlon ‘of an
acidic mercapto group. The interpretation explams
the very gradual indicator color change since the
mercapto group should act as a weak acld and thus
buffer the solution at the end point. Infrared evi-
dence eliminates the possibility that the acidity may
result from facile hydrolysis of the methyl ester
group « to a mercapto group, because ‘neutrali-
zation of methyl 2-mercaptostearate followed By
acidification’ gives a compound with the same spec-
trum as the starting material. This expenment also
shows that the mercaptide salt is reconverted to the
mercaptan by acid. Finally, it has been shown that
methyl mercaptoacetate,]l5a which also ‘has an
o-mercapto group, likewise neutralizes ac neafly
equimolar amount of sodium hydroxide under the
foregoing titration conditions. :

- Although the methyl esters are acidic when they
have an a-mercapto; group, “the mercapto group
does not titrate as an acid when it is o~ to a carboxyl
group. Although 2—mercaptostearlc acid is titrated
to the phenolphthalem end pointiby an eqmmolar
amount of sodium hydroxide, the product is'godit
2-mercaptostearate rather than the sodiim mer-
captide. This is shown, by the infrared spectrum of
the sodrum ‘salt whxch has’ the ylaté iof

w-mercapto iesters ' !
plamed as follows. The p031t1v’é
‘the methyl

(15) D : t D . Tarbell and C Whlteman, £
Chem Soc., 73;@ 1572 (1955).

(15a) pK, & 7.8:in 0.15N :NaCl, 25°,. reported by M.
Calvm in Glutathione, Academm Press, N. Y., 1954,:p: 9



group in the o-mercapto acids is, however, less
acidic than the carboxyl group. Formation of a
carboxylate ion makes the mercapto group less
acidic because the negative charge of this ion de-
creases the positive dipole which tends to dissociate
the mercapto group proton in the ester. Further-
more, the product from the neutralization of both
the mercapto and carboxyl groups would be a di-
anion whose formation would be minimized be-
cause of the coulombic repulsion of the neighboring
negative groups.

- Ultraviolet spectra. Further evidence of interaction
of the carbomethoxy group with sulfur in the a-
position is given by the ultraviolet absorption
spectra of the disulfide dimethyl esters. Dimethyl
9(10),9’(10")-dithiodistearate has an absorption
maximum at 247 myu and log € = 2.62 (Fig. 2A),
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Flg 2. Ultrawolet absorption spectra of disulfides: (A)
Dimethyl 9( 10),9'(10’)-dithiodistearate and (B) Dimethyl
2,2'-dithiodistearate

and is thus similar to alkyl disulfides.’® In dimethyl
2,2'-dithiodistearate the sulfur stoms are in the
a-position to the ester groups. The effect of this
proximity is a continuous absorptlon increasing
toward the short wave length region (Fig. 2B).

The generality of this phenomenon is shown by
spectra on two other compounds. Dimethyl 11,11'-
dlthlodlundecanoate in which the disulfide group
is far removed from the ester groups, has an ab-
sorption curve similar to that of dlmethyl 9(10),-

9’(10")-dithiodistearate and a maxlmum at 250

(16) Q. W. Decker and H. W. Post, J Org. Chem., 22,
145 (1957). -

mg. On the other hand, dimethyl 2,2’-dithiodiace-
tate, in which the disulfide and ester groups are
separated by only one carbon atom, has a contin-
uous absorption curve nearly identical to that of
dimethyl 2,2’-dithiodistearate. It has been reported
recently” that similar effects are shown by some

- disulfide - dicarboxylic acids and their sodium

salts.

" EXPERIMENTAL

Starting malerials and reference compounds. Thiolacetic
acid was purified by fractional distillation of the best com-
mercial grade. Methyl 2-hydroxystearate, m.p. 63-65°,
was prepared from 2-hydroxystearic acid.’® Methyl 12-
hydroxystearate, m.p. 56-58°, was prepared by meth-
anolysis of fully hydrogenated castor oil followed by three
crystallizations from acetone at 15°. Methyl oleate was pre-
pared from methyl esters of olive oil by multiple fractional
distillation and low temperature crystallization.’® Dimethyl
2,2’-dithiodiacetate, n%’ 1.5090, was prepared from methyl
mercaptoacetate by ox1dat10n w1th iodine in ethanol solu-~
tion, followed by extraction with ether. Methyl mercapto-
acetate was Eastman White Label Grade.

Methyl 9(10)-(acetylihio)stearate. A mixture of methyl
oleate (115 g., 0.39 mole) and freshly-distilled thiolacetic
acid (59 g., 0.77 mole) was irradiated in a quartz flask by a
high pressure quartz mercury arc for 24 hr. at 70°. The
reaction mixture was dlstllled under diminished pressure;
yield, 115 g. (70%), ny 1.4666, b.p. 191° at 0.8 mm.

Anal. Caled. for Cz;HmOaS C, 67.7; H, 10.8; S, 8.61.
Found: C, 67.7; H, 10.8; S, 8.56.

In accordance with its branched structure, this compound
does not form a complex with urea. The urea complexing
technique has been used to remove unreacted linear methyl
oleate in crude reaction products.

The infrared spectrum of a liquid film shows clearly re-
solved ester carbonyl (1740 cm.™!) and thiocarbonyl (1690
cm."1) bands of equal intensity. Characteristic bands-of
long-chain methyl esters are present. Strong bands are also
present at 1115 and 950 cm.~! These latter bands are also
found in 11-(acetylthio)undecanoic acid and other thlol-
acetates.®20

Additional confirmation of the tlnolacetate structure is
provided by the ultraviolet absorption spectrum, which has
a maximum in methanol of 232 my and a molar extinction
coefficient of 4.4 X 103.200

9(10)-Mercaptostearic acid. This compound has been men-
tioned in the literature,® but it has not been well charac-
terized. The procedure described below is an improvement
over the literature method.

Methyl 9(10)-(acetylthio)stearate (11 g.,, 0.030 mole)
was hydrolyzed by refluxing for 2 hr. in a solution of 10 g.
(0.18 mole) of potassium hydroxide in 100 ml. of 509,
aqueous ethanol. The solution was acidified with hydro-
chloric acid and extracted with ether. The ether extract
was washed with water, dried over anhydrous sodium sul-
fate, and evaporated to give 7.7 g. (91%) of 9( 10)-mercapto-
stearlc acid as a pale yellow liquid, »% 1.4724.

Anal. Caled. for CisHs058. C, 68.3; H, 11.5; S, 10. 1
neut. equiv., 317. Found: C, 68. 3 H, 11 5 S 10 2; neut
equiv., 313.

Fractlonal crystallization from petroleum ether at —30°

(17) L. Schotte, Arkiv for Kemi, 9, 441 (1956).

(18) P. A. Levene and P. S. Young, J. Biol. Chem., 102,
557 (1933).

(19) H. B. Knight, E. F. Jordan, Jr., E. T. Roe, and D.
Swern, Biochemical Preparations, 2, 100 (1952).

(20) (a) C. Knuth, A. Bavley, and W. A. Lagier, J. Org.
Chem., 19, 845 (1954). (b) L. H. Noda, S. A. Kuby, and
H. A. Lardy, J. Am. Chem. Soc., 75, 913 (1953).



gaverapproximately: equal precipitate ‘and. filtrate fractions
'withthe:same:refractive index. Theseffactions iweré:solid
slightly below room temperature;:but hadine sharp:melting
poi.nt. : . ih fitid
' The infrared spectrum i
to thatiof istearie! a,cld H

approxrmately,250° -wasrecovered: by evapora,tmg thexsolu-
tion ! from; theupeutrahzatlon .equivalent: dete: ion;.of
9(10)-mercaptostearic acid: ;:ov
+Anal; Caled s for.CisH0:5Nai: 1S
S, 9.40; N(a, 7.19.

9(10),.9’ 10")-Dithiodyste 19c 0 9(1 )Mercaptosteanc
acid (3.4¢ ,’ 0.011° ﬁo e{)g%was tl%itea vsr ligh
(101 il ) of o v i’odrﬁﬁ‘in Gt ;

~ Viscous oil, #%f 1. : :
Anal. Calcd for 035H7004SZ C 68 6‘ H 12} 18, s
neut, equiv., 316. Found. C, 690 H 113 S 921 neut
equiv., 316. i AL

The infrared spectrum is very srmllar to that of 9( 10)- ;

mercaptostearic acid.

Methyl 9(10)-mercaptostearate. (@) By eslerification of
9(10)-mercaptostearic actd. 9(10)-Mercaptostearic acid (1.24
g., 0.004 mole), 29, by weight (25 mg.) of naphthalene-2-
sulfonic acid catalyst, and 10 ml. (0.25 mole) of methanol
were refluxed for 6 hr. The solution was diluted with water
and extracted with ether. The ether extract was washed
with water, dried with anhydrous sodium sulfate and evapo-

rated. The resrdua,l liquid, methyl 9(10)-mercaptostearate,
weighed 1.01 g., n}y 1.4648.

Anal. Caled. for C;sHz0.S: C, 69.0; H, 11.6; S, 9.70.
Found: C, 69.1; H, 11.6; 8, 9.62.

(b) By alcoholysis of methyl 9(10)-(acetylthio)stearate.
Base-catalyzed alcoholysis?' of methyl 9(10)-(acetylthio)-
stearate gave the desired mercapto ester directly. Sodium
(0.1 g.) was dissolved in 60 ml. (1.5 moles) of methanol.
Methyl 9(10)-(acetylthio)stearate (11 g., 0.030 mole) was
added, and the solution was refluxed for 4 hr. The solution

was evapora.ted to a gel-like solid, acidified with dilute -

hydrochloric acid, and extracted w1th ether. The ether
extract, after wash.mg and drying, was evaporated to give
8.5 g of crude product. The analytical sample, n% 1.4638,
‘was obtained by high-vacuum distillation in a short path strll
Its infrared spectrum was the same as that of the product
obtained by esterification of 9(10)-mercaptostearic acid.

Anal. Caled. for CisH30.8: C, 69.0; H, 11.6; S, 9. 70
Found: C, 69.0; H, 12.3; S, 9.70.

Dzmethyl 9(10), (10’ )-dzthwdzstearate This disulfide was
prepared by titrating methyl 9(10)-mercaptostearate with
iodine in ethanol as described earlier. The solution was
cooled to —20° and the resulting crystalline precipitate was
separated, washed with cold acetone, and drled The prod-
uct (yield about 50%) was a pale liquid, n%’ 1.4790.

Anal Calcd for ngHuOgSz C 69. 2 H 11. 3 S 9 71
Found: C, 69.0; H, 11.1; S, 9.83.

2—Bromosteamc aczd 2-Bromostea.nc acid was prepared
by a previously reported procedure.??

2-Mercaptostearic acid. This compound has been described

previously,s® but the procedure given below is an improve-
ment over earlier ones. 2-Bromostearic acid (181.5 g., 0.5
mole), 38 g. (0.5 mole) of thiourea, and 1000 ml. of ethanol
were refluxed for 4 hr. A solution of 220 g. of sodium hy-
droxide in 1200 ml. of 80% aqueous ethanol was then added
and the reaction mixture was refluxed for an additional 46
hr. The cooled reaction mixture was then added to 1500 ml.

(21) G. S. Sasin, P. R. Schaeffer, and R. Sasin, J. Org.
Chem., 22, 1183 (1957).

(22) R.S. Sweet and T. L. Estes, J. Org. Chem., 21, 1426
(1956).

‘of:4N; hydrochloric’ acid:with stirring’ at: such-a rate that
the temperature did mot:rise: above:60°. After theincidifica~
ftion: 'was:dompletéd, . the reactionimixture was hedted on a
‘steam bath } ‘u.dl Athe crude 2-mercaptostearic acid was mol-
‘ten;and-had:c¢éllected on the surfacerof thevaqueous: layer.
The:mixture;was-cooled :t6: roomtemperature; 4 holerwas
punched in the crude solidified mercaptostearic:aeid; and
theiagueous! le,yér was poured’ off.:. Thererude’ E-mérca,pto-
stearlc acld was Washed free oﬁ sa;lt éﬁd acid by meltmg and

sl
lytrcall purel2-mercaptostea.n a.cld
SO°) neut eqmv 318

tetrachlohdel solutlon xls;rq\nte ‘similar o that tof 9(10)-
mercaptostear{lc acidexcept:in two respects: ‘The band: at
1240 em‘u’1 is;ghifted: t0:1210-cmy=! This is the regioniwhere
he*a}pha mercapto esfer shlfts ‘occur. In addltlon

M ethyl .Q-mercaptostearate Ten grams “of 2-merca.pto-
stearic acid was refluxed for 4 hr. in 1 1. of methanol con-
taining 3% HCL The methanol was evaporated and the
residue was extracted with ether. The extract was washed
with water, dried over anhydrous sodium sulfate and
evaporated to give 9.7 g. of amber liquid, n% 1 4621 A
purified product was obtained as a colorless hqurd by high
vacuum distillation, b.p. 130° at 0.3 mm.; ny 1.4607.

Anal. Caled. for C;sHz50.8: 8, 9.70. Found: S, 9.74.

Dimethyl 2,9'-dithiodistearate. Methyl 2-mercaptostearate
(2 g.) was titrated with 0.1N iodine in 809, ethanol until a
permanent yellow color was obtained. The oil that separated
from the solution was dissolved in ether. The ether extract
was washed with water, dried over anhydrous sodium sul-
fate and evaporated, yielding 1.5 g. of a colorless liquid,

> 1.4749. ‘

Anal Caled, for CasH74048:: C 69.2; H, 11.3; 8, 9.71.
Found: C, 696 H, 11.4; 8, 9.20.

II-Mercaptoundecanozc actd. 11-(Acetylthio)undecanoic
acid® (26 g., 0.10 mole) was refluxed for 3 hr, with a solution
of 11.2 g. (0.20 mole) of potassium hydroxide in 100 ml. of
509% aqueous ethanol. Acidification with hydrochloric acid
gave a solid, which was filtered, washed with water, and
dried; yield, 20 1g.(92%); m.p. 45" An analytical sample,
m.p. 49—51° 8 was obtained by low temperature crystal-
lization from ppetroleum ether.

The infrared spectrum, run on a pressed potassium bro-
mide disk, resembles that of a typlcal long-cha.m unsub-
stituted acld The band progression reglon showed six bands,
excluding the 1300 cm. ! carboxyl band, in accordance w1th
studies of other terminally substituted sulfur-containing

" undecanoic acids.!?

11,11'-Dithiodiundecanoic acid. 11-Mercaptoundecanoic
acid was further characterized by oxidation with iodine to
the known disulfide, m.p. 93° (lit.22-92°). The ultraviolet
spectrum of the disulfide in methanol showed the expected
maximum at 240 mg, log e = 2.61.

Methyl 11-mercaptoundecanoate.. 11-Mercaptoundecanoic
acid was esterified with methanol by the procedure used
in preparing methyl 9(10)-mercaptostearate. The ester was
purified by crystallization at —20° from methanol followed
by vacuum distillation. It was a colorless liquid, n%' 1.4641,
that froze at or above 2°.

Angl.. Caled. for CnHquS C, 62.0; H, 10.4; S, 13.8.

Found: C, 62.2; H, 10.4; S, 13.1.

The mfra,red spectrum ha.d the normal long-cham methyl
ester triplet. It was similar to that of methyl 9(10)-mercapto-
stearate except that its lower molecular weight resulted in

(23) A.-Coheén, J. Chem. Soc., 593 (1932). ~



somewhat stronger: bands at 2560:cm.~! (mercapto group)
and 1440 em. 1 (carbomethoxy group). :

Dimethyl. 11,11'~dithiodiundecanoate. When the ethanol
solution from the iodine titration of methyl 11-mercapto-
undecanoate . was cooled to 0°, ‘a crystalline precipitate
formed:' This::solid . erystallized from petroleum ether as
transparent. plates, m.p. 56°.

Anal. -Caled. for: CopHigOsS::
Found: C, 62.7;-H; 10.1;'8, 13.7. .

Analytwal and physzcal data The mercapto compounds
described in this paper were analyzed by titration with 0.1N
iodine in‘ethanol: Water was added during the titration in
case of slow decolorization as the end point was approached.
- With: mercapto acids, the samiple was first titrated in
ethanol with 0.1V aqueous sodium hydroxide to the phenol-
phthalein end point. - Following this determination of the
carboxyl group, the pink color was just discharged with a
few drops of 0:1N hydrochloric acid and the-solution was
thén titrated with 0.1N iodine in:ethanol to a:faint per-
manent yellow color. The solution was titrated ‘once again
-with:0.1N sodium hydroxide solution until the yellow color
began to turn pink. The latter titration measured hydriodic
acid-liberated by the reaction of iodine with the mercapto

C, 62.3; H; 10.0; S, 139

group, and checked on possible impurities that merely
absorbed iodine. With pure mercapto acids analysis showed
equivalent amounts of carboxyl and mercapto groups and
liberated hydriodic acid.

Infrared absorption spectra -were obtained on thin liquid
films or on carbon disulfide solutions with a Perkin-Elmer
Model 21 spectrophotometer, using sodium' chloride optics.
In a few instances, solid compounds were examined as
pressed potassium bromide disks or as nujol mulls. Ultra-
violet absorption spectra were recorded on methanol solu-
tions with a Carey Model 11 recording spectrophotometer.
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